Introduction
The Pleistocene (1.8 Ma to 10 ka BP) was an extreme climatic period during which the geomorphology of the mid and high latitudes in both hemispheres was strongly modulated by a sequence of glacial advances and interglacial retreats of continental ice sheets, resulting in efficient continental denudation. During most of the Pleistocene, large areas of North America were covered by the Laurentide ice sheet (e.g., Joyce et al., 1993; Dyke et al., 2002; Clark et al., 2006) . On average an estimated 120 m of rock was physically eroded by the ice sheets since the onset of the major glaciations (Bell and Laine, 1985) . In contrast, chemical weathering rates were significantly reduced in North America due to persistent ice coverage during the last glacial period (Marshall and Clark, 2002) . At the same time non-glaciated North American regions experienced colder climatic conditions, which are also expected to have resulted in reduced chemical weathering rates (Tranter et al., 2002; Millot et al., 2003; White et al., 2003; West et al., 2005; Gislason et al., 2009) .
The major climatic transitions at glacial terminations created significant changes in the chemical weathering rates and cation runoff flux (Anderson et al., 2000; Foster and Vance, 2006; Gislason et al., 2009; Vance et al., 2009) . Glacially eroded rock substrate was increasingly exposed to the atmosphere in a warming climate (Marshall and Clarke, 1999) . The resulting strongly enhanced cation runoff flux from the Laurentide region is expected to be recorded in adjacent ocean basins such as the Gulf of Mexico or the western North Atlantic, which received an integrated weathering signal of deglacial warming in North America.
The evolution of the dissolved Pb flux transferred from the continents to the oceans and the related changes in the Pb isotope composition of seawater are promising indicators of such large scale weathering trends. In seawater, Pb is highly particle reactive with a residence time on the order of 20 to 30 years in the Atlantic (Henderson and Maier-Reimer, 2002 ) and 200-400 years in the Pacific (Craig et al., 1973; Schaule and Patterson, 1981) . This is significantly shorter than the timescales of Atlantic and global overturning circulation. Because of its short residence time in seawater Pb is not advected over long distances or between ocean basins and merely reflects a local input signal although it has been used to reconstruct short distance water mass mixing (Abouchami and Goldstein, 1995; von Blanckenburg et al., 1996) . The seawater Pb isotope composition recorded in ferromanganese crusts and marine sediments has been used to infer long-term changes in deep water circulation and continental inputs (Christensen et al., 1997; Abouchami et al., 1999; Frank et al., 1999a; Reynolds et al., 1999; Frank et al., 2002; Haley et al., 2008; Frank, 2002) , as well as reorganisations of oceanic gateways (Burton et al., 1997; Frank et al., 1999b) .
Lead is released incongruently during early chemical weathering on the continents and it has more recently been suggested that oceanic Pb isotopic records reflect this process. The specific incongruent chemical weathering behaviour that is responsible for a weathering signal in the Pb isotope system has been the focus of a number of studies in the past decade (Harlavan et al., 1998; Harlavan and Erel, 2002; Erel et al., 2004; Foster and Vance, 2006) . Those studies focusing on Pb-specific chemical weathering trends noted systematic differences in the released solute Pb isotope signal in soil chronosequences. In particular, in newly-produced or freshly exposed soils, accessory mineral phases rich in uranium (U) and thorium (Th) preferentially released highly radiogenic Pb during incipient and early chemical weathering, a solute signal that is significantly more radiogenic than the bulk rock Pb isotope composition. The magnitude of this incongruent chemical weathering pattern will depend on the abundance of U-and Th-rich mineral phases and the prevailing continental climatic conditions. Major shifts towards more radiogenic compositions found in NW Atlantic ferromanganese crust over the past 3 Myr (Burton et al., 1997; O'Nions et al., 1998; Reynolds et al., 1999) were explained in terms of incongruent weathering processes in Greenland and Canada (von Blanckenburg and Nägler, 2001 ). These authors also provided experimental evidence for the incongruent release of highly radiogenic Pb from a labile fraction in continental detritus eroding into the Labrador Sea.
In contrast to the previous coarse resolution studies that had a time resolution on the order of several 10 s to 100 kyr, the first higher resolution record of the Pb isotope evolution over the last 500 kyr was obtained by laser ablation at a temporal resolution of around 10 kyr (Foster and Vance, 2006) . Glacial-interglacial variations in the Pb isotopic composition of western North Atlantic intermediate depth water were resolved that tracked the benthic oxygen isotope record (Imbrie et al., 1984) . From these records two-to three-fold glacial reductions in chemical weathering rates in the glaciated interior of North America have been deduced. However, despite the significantly higher resolution achieved by these authors compared with previous work, potential millennial and sub-millennial Pb isotope variations were still not resolvable.
Hence although substantial progress has been made in deciphering Pleistocene North Atlantic marine Pb isotope records over the past decade, sub-millennial changes of the past seawater Pb isotope compositions have as yet not been resolvable due to the lack of suitable paleoceanographic archives. Given the rate at which Northern Hemisphere climate changed during deglaciations (e.g., Steffensen et al., 2008) and the short duration of paleoceanographic perturbations such as the deposition of ice rafted debris during Heinrich events over the last glacial cycle (Hemming, 2004) , it is essential to use paleoceanographic archives offering sub-millennial resolution. Here we present the first high-resolution records of Pb isotopic variations in North Atlantic Deep Water (NADW) at submillennial resolution extracted from authigenic Fe-Mn oxyhydroxides in marine sediments from the Blake Ridge in the western North Atlantic spanning the transition from the Last Glacial Maximum (LGM) to the Holocene (Fig. 1) . We used a gentle reductive extraction method to isolate the authigenic seawater-derived Pb fraction from Fe-Mn oxyhydroxides in marine sediments (Gutjahr et al., 2007) , allowing the investigation of the timing of events at glacialinterglacial transitions at an unprecedented temporal resolution. The new data are put in context of published ferromanganese crust records of Upper NADW (Reynolds et al., 1999; Foster and Vance, 2006 ) and a new laser ablation Pb isotope record obtained from a ferromanganese crust from the Blake Plateau tracing the glacial-interglacial Pb isotope evolution of the Florida Current over the past 200 kyr.
Materials and methods
Three cores retrieved during the KNR140 cruise along the Blake Ridge in the western North Atlantic spanning the interval from the LGM to the present day were selected for Pb isotope analyses. Core 51GGC from 1790 m depth, 31GGC from 3410 m depth and 12JPC from 4250 m depth were sampled to monitor the seawater Pb isotope evolution in the intermediate and deep western North Atlantic (Fig. 1) . At present-day the three core sites are situated within NADW. The Nd isotope composition of past seawater extracted from the Fe-Mn oxyhydroxides of the same samples were published earlier (Gutjahr et al., 2008) and suggested that the two lower core sites were bathed in a different water mass than NADW during the deglaciation until the Younger Dryas, which was likely advected from the South (Southern Source Water) (e.g., Boyle and Keigwin, 1987; Curry and Oppo, 2005; Lynch-Stieglitz et al., 2007) .
The seawater signal was extracted from the marine sediments employing a sequential leaching technique described in Gutjahr et al. (2007) . Dried bulk sediments were decarbonated with a Na acetate buffer and the weakly adsorbed fraction was removed using 1M MgCl 2 . The authigenic Fe-Mn oxyhydroxide fraction was extracted using a gentle reducing cocktail (0.05 M hydroxylamine hydrochloride-15% acetic acid-0.03M Na-EDTA, buffered to pH 4 with NaOH) for 3 h in a shaker at room temperature.
The seawater origin of the extracted authigenic Fe-Mn oxyhydroxide fraction was ensured by monitoring Al/Pb elemental ratios and by mass balance calculations (Gutjahr et al., 2007) . Authigenic Pb in the sediments along the Blake Ridge accounts for 15-40% of the entire Pb pool present (i.e., the sum of the Fe-Mn oxyhydroxide and terrigenous fraction). By employing a gentle reductive leaching technique, the authigenic Pb isotope signal is not prone to significant contamination from the terrigenous fraction and can be reliably extracted (cf. Poulton and Canfield, 2005) .
Separation and purification of Pb from the Fe-Mn oxyhydroxide matrix followed standard procedures (Lugmair and Galer, 1992) . The total procedural Pb blank in the Fe-Mn oxyhydroxide fraction was 1 ng and always below 0.35% of the total Pb concentration. Most Pb isotopic analyses were carried out on a Nu Plasma MC-ICPMS at ETH Zürich applying a Tl-doping procedure (Walder and Furuta, 1993) with a Pb/Tl~4 in the measurement solutions (Table 1 ). The offset from high precision TIMS Pb isotope data (cf. Thirlwall, 2002) was Duplicate samples from cores 51GGC and 12JPC were processed chemically and measured separately at least six months later. Six additional samples were processed and analysed at the Bristol Isotope Group of the University of Bristol, UK, using a ThermoFinnigan Neptune MC-ICPMS (denoted [a] in Table 1 ). Machine induced mass bias for these additional samples was corrected by standard-sample bracketing normalising the corrected ratios to the triple spike ratios of Galer and Abouchami (1998) for NIST SRM981.
The topmost 360 µm of crust BM1963.897 ('Blake') from the Blake Plateau (30°58′N, 78°30′W,~850 m depth) was analysed at the University of Bristol using a Thermo Finnigan Neptune MC-ICPMS connected to a NewWave/Merchantek 193 nM homogenised ArF excimer laser ablation system. The analytical approach was similar to that of Foster and Vance (2006) . All ablation was performed in a pure He environment using a 15 µm diameter aperture, rastering over 0.5 mm lines parallel to growth banding at a speed of 10 µm/s with a 15 Hz repetition rate and a laser power density of 6-7 J cm − 2 . Instrumental mass bias was corrected by bracketing groups of seven analyses with analyses of NIST 610 (~400 ppm Pb) using similar analytical conditions (9 J cm − 2 and a 130 µm spot, 4 Hz) and the NIST 610 Pb isotope ratios of Baker et al. (2004) . Eight intercalated analyses of USGS standard NOD-P-1 using an analytical set identical to our unknown samples gave the following results (2σ displayed in ppm, as well as the ratios of Baker et al. (2004) (Keigwin, 2004; Robinson et al., 2005) obtained from planktonic foraminifera for cores 51GGC (n = 12) and 12JPC (n = 3) were transformed into calibrated ages using the marine radiocarbon age calibration Marine04 of Hughen et al. (2004) assuming ΔR = 0. Calibrated ages of other depths in core 12JPC and 51GGC have been linearly interpolated between absolute age tie points. For the age calibration of the analyses performed on crust 'Blake' the 10 Be/ Be ages determined by Reynolds et al. (1999) have been converted into growth rates (1.89 mm/Myr) for the uppermost 2 Myr.
Results

Lead isotope evolution of seawater from Fe-Mn oxyhydroxides
The authigenic Pb isotope signal extracted from Fe-Mn oxyhydroxides in the sediment cores along the Blake Ridge in the western North Atlantic follow a pronounced and reproducible pattern of rapid change during the transition from the Last Glacial Maximum (LGM) to the Holocene (Figs. 2 and 3 ). All three studied records, whether derived from deep (4250 m, 3410 m) or intermediate (1790 m) water depths, show a rapid increase towards highly radiogenic Pb isotope compositions throughout and beyond the Younger Dryas (Fig. 3) followed by a steady decline towards less radiogenic isotopic compositions during the Holocene, remaining, however, significantly more radiogenic than the glacial values in the youngest samples studied. Since no radiocarbon ages are available for core 31GGC (3410 m) it was not included in Fig. 3 . The authigenic Pb isotope record of core 31GGC does, however, show very similar trends to 12JPC and within error it peaks at the same isotopic composition (Table 1, Fig. 2) .
The authigenic Pb isotope signal at the deepest location 12JPC was least radiogenic during the LGM and remained so until the Bølling-Allerød interstadial (~14.6 to 12.9 ka BP) (Fig. 3) . The Younger Dryas witnessed a rise towards the most radiogenic seawater Pb isotope compositions yet reported for the North Atlantic. The isotopic excursion was larger and of longer duration at the location of deepest core 12JPC than at the intermediate site 51GGC (1790 m (Fig. 3) .
The most significant Pb isotopic change seen in deep core 12JPC corresponds to a pronounced shift in the Nd isotope composition (Fig. 3) , which traces the establishment of the interglacial mode of deeply ventilating NADW (Gutjahr et al., 2008 Pb) clearly already started during the Bølling-Allerød interstadial, but the most significant rise in both water depths occurred during and after the Younger Dryas (Fig. 4) . The most radiogenic isotope compositions postdate the Younger Dryas. The rate and duration of change in the Pb isotopic composition is different between the two cores. Core 12JPC shows a relatively steady rise between 14 and~10 ka BP, whereas site 51GGC recorded the most pronounced change at the onset of the Younger Dryas but the increase only spans a shorter period of time from 14 to 11.2 ka BP. The two core sites experienced different sedimentation rates during this time interval (cf. Gutjahr et al., 2008) . Sedimentation rates in core 51GGC were high throughout the Younger Dryas and the Holocene (Keigwin, 2004) , whereas those of core 12JPC decreased significantly with the initiation of Lower NADW ventilation at that site (Haskell and Johnson, 1991; Gutjahr et al., 2008) . This change may have had an effect on the temporal resolution of the authigenic Pb isotope signal and renders the intermediate depth core site more reliable in terms of recording the timing of Pb isotope changes during the Younger Dryas.
Long-term Pb isotope evolution in crust 'Blake'
The record of ferromanganese crust 'Blake' shows that the glacialinterglacial Pb isotope variability of the Florida Current only displayed subtle changes over the past 200 kyr (Figs. 1 and 5 ) (e.g. Lynch-Stieglitz et al., 1999; Came et al., 2008) . The large Pb isotopic variability observed in crust BM1969.05 from the New England seamounts (Foster and Vance, 2006) , which has been located in Upper NADW/Glacial North Atlantic Intermediate Water (GNAIW) during the past 200 kyr, was largely absent in Florida Current waters. The . Authigenic Pb isotope evolution as recorded in Fe-Mn oxyhydroxides from drift sediments along the Blake Ridge, plotted against depth in cores. Arrows in the bottom panels of (A) and (C) highlight depths in core for which radiocarbon ages from planktonic foraminifera are available. Since no radiocarbon dates are available for core 31GGC it is not included in Fig. 3 . Radiocarbon ages and the oxygen isotope stratigraphy are from Keigwin (2004) with one additional radiocarbon age for 12JPC from Robinson et al. (2005) . White diamonds in the upper panel highlight sampled depths for authigenic Pb isotope compositions. Yellow diamonds in the lower panels highlight individual measurement results for sections in which duplicates were produced (see also Pb/ 206 Pb are highest during the LGM and lowest after the Younger Dryas. Present-day ratios fall between these end-member compositions.
Discussion
The trends seen in the Pb isotope records of past seawater over termination 1 were governed by a number of potential processes including (a) changes in the continental sources available for chemical weathering; (b) changes in the Pb-specific incongruent weathering signal due to enhanced availability of fresh glacially eroded sediments; (c) changes in the routing of fresh water runoff; and (d) changes in the vigour and location of the western boundary undercurrent. These processes will be discussed in the following.
For North Atlantic settings, it is essential to first investigate the importance of a fifth process, which is the presence and potential influence of IRD since the reductive leaching protocol applied here aims to dissolve authigenic Fe-Mn oxyhydroxides from marine sediments. If present, hematite-stained IRD could dominate the extracted authigenic Pb isotope signal (Poulton and Canfield, 2005) ; however, leaching of IRD is not an issue for Blake Ridge sediments. In a multi-proxy study covering MIS 3, Vautravers et al. (2004) found negligible amounts of IRD at ODP Site 1060 (3480 m), supporting the conclusion that the Blake Ridge is located about 2°south of the southernmost location at which evidence for glacial iceberg discharge has been reported (Keigwin and Boyle, 1999) . This renders the extracted seawater Pb isotope signal robust against partial leaching of terrigenous Fe-Mn oxyhydroxides. 
Regional deglacial Pb isotopic trends
The seawater Pb isotopic signal recorded in both deep (4250 m) and intermediate (1790 m) water depth consistently shows the least radiogenic compositions during or even slightly before the LGM, with no significant excursion towards radiogenic compositions prior to the mid-Bølling-Allerød (Figs. 3 and 4) . The most pronounced shift occurred during the Younger Dryas, peaking in the subsequent transition to the Holocene. Likewise, ferromanganese crust BM1969.05 situated in Upper NADW/GNAIW shows a pronounced change over the past 30 kyr (grey box in Fig. 5 ). In contrast, the Pb isotopic composition of crust 'Blake' that recorded the isotopic variability of the Florida Current, remained almost unchanged during this time interval. This diverging pattern strongly suggests that the highly radiogenic Pb flux that has been recorded in the Fe-Mn oxyhydroxides at the Blake Ridge was advected from the north.
The most significant change in the deep core 12JPC coincided with the establishment of Lower NADW ventilation along the deep Blake Ridge (Fig. 3) (Gutjahr et al., 2008) . The relatively radiogenic Nd isotope compositions (ε Nd~− 10.5) observed in the deep core 12JPC until the Younger Dryas (Fig. 3) reflect the absence of Lower NADW (modern NADW: ε Nd~− 13.5) along the deeper Blake Ridge throughout the deglaciation. The concurrent major change in the authigenic Nd and Pb isotope records over the Younger Dryas at site 12JPC (Figs. 3  and 4 ) therefore most likely reflect an invigorated overturning circulation of the western boundary undercurrent along the deeper Blake Ridge.
Core site 51GGC in 1790 m water depth was always located within Upper NADW/GNAIW (Boyle and Keigwin, 1987; Marchitto et al., 1998; McManus et al., 2004; Robinson et al., 2005; Came et al., 2008) . It experienced high sedimentation rates throughout the deglaciation (Keigwin, 2004) and, as opposed to the deep core sites, should have recorded a northern-sourced signal throughout the entire period of time between 14 kyr and the Holocene. Yet the extracted Pb isotope signal of this site is expected to represent a mixed authigenic signal consisting of (a) the local intermediate bottom water mass Pb isotope signal and (b) contributions from local shallow water sources. This suggestion is based on the extracted authigenic Nd isotope composition from this core, which does not match expected upper NADW compositions at any time since the LGM (see discussion in Gutjahr et al., 2008) . The authigenic Nd isotope signal at intermediate depths (core 51GGC) during the deglacial and Holocene is very similar to the bottom water composition of the overlying Florida Current.
The earlier observation that the extracted in situ intermediate depth Fe-Mn oxyhydroxide signal is to some extent offset towards surface water compositions is supported by the authigenic Pb isotope data presented here from the same Fe-Mn oxyhydroxide samples. The linear regression lines included in Fig. 6 depths along the Blake Ridge. The glacial-interglacial Pb isotope compositions for crust 'Blake', recording a Florida Current bottom water signal, bear similarities to those of core 51GGC, whereas the Pb isotope ratios of deeper core sites 31GGC and 12JPC agree with those GNAIW/ NADW Pb isotope compositions seen in ferromanganese crust BM1969.05 ( Fig. 6A) (Foster and Vance, 2006) . On the other hand, the most radiogenic Pb isotope compositions recorded in 51GGC differ from those seen in crust 'Blake' (significantly more radiogenic Pb isotopic compositions leading to lower Pb in Fig. 6 ). Within the coarse-resolution Pb isotope record of crust 'Blake', there are no significant variations during the deglaciation (Fig. 5) whereas core 51GGC shows a clear trend towards radiogenic compositions similar to 12JPC during the Younger Dryas (Fig. 4) . This suggests that, although the authigenic Pb isotope record of 51GGC represents a mixed signal partially offset towards the Florida Current Pb isotope compositions (Fig. 6) , the radiogenic deglacial Pb isotope excursion is controlled by a northern-sourced signal (Figs. 4 and 5) . This implies that the GNAIW ventilating site 51GGC at the Blake Ridge did not carry a distinctly radiogenic Pb isotope signal over most of the deglaciation until the mid-Bølling-Allerød (Figs. 3 and 4) .
Incipient chemical weathering and the Pb isotopic runoff signal
In mid-to high-latitudinal settings, such as on the North American shield during the Pleistocene, the Pb isotope runoff signal during an 'ice house' climate is expected to be primarily controlled by climate as opposed to source rock composition (von Blanckenburg and Nägler, 2001) . During the glacial cycles of the Pleistocene the Laurentide ice sheet created extensive quantities of fresh glacially eroded rock substrate (Bell and Laine, 1985) . This material was not significantly chemically weathered during glacials since large areas of North America were covered by ice. Deglacial warming and the recurring large-scale retreat of the Laurentide ice sheet during glacial terminations should then have led to highly elevated cation fluxes (e.g. Vance et al., 2009) . As a consequence, the onset and intensification of chemical weathering of previously glaciated terrains would also have led to the preferential release of highly radiogenic Pb (Harlavan et al., 1998; Foster and Vance, 2006) .
Due to this mechanism deep core site 12JPC deserves particular attention since it represents the purest Pb isotope signal of higher northern latitudes (i.e. advected to the Blake Ridge within NADW) during the late deglaciation and the Holocene (see Section 4.1). Authigenic Pb isotope compositions peak during the early Holocene, coinciding with the climatic optimum and the final disappearance of the Laurentide ice sheet (Licciardi et al., 1998) . Lead isotope compositions have become continuously less radiogenic over the course of the Holocene but remained significantly more radiogenic than during the last glacial (Fig. 3) . From the apparently asymptotic trend of the late Holocene Pb isotope compositions in core 12JPC (Fig. 3) , it could be argued that the present-day chemical weathering fluxes are still levelling out towards a long-term steady state. This argument is supported by the longer-term trends of the Pb isotope records of the ferromanganese crusts (Fig. 7) . The Pb flux into the western North Atlantic became increasingly more radiogenic over the past 1.8 Myr (Fig. 7) (Burton et al., 1997; O'Nions et al., 1998; Reynolds et al., 1999) . This trend implies that more glacially eroded fresh rock substrate was created throughout the Pleistocene glacial periods (Peizhen et al., 2001 ) than could be chemically weathered during the relatively short interspersed interglacials (cf. Vance et al., 2009) .
Although it is impossible to trace the continental source areas of the advected Pb by means of the extracted authigenic Pb isotope composition in Blake Ridge sediments due to the fractionation caused by incongruent weathering processes, it is possible to calculate a bulk average 207 Pb/ 206 Pb age for the continental source area that supplied Fig. 7 . Comparison of the deep water Pb isotope evolution of crust 'Blake', as obtained via solution work by Reynolds et al. (1999) and the higher resolution laser ablation data presented here. The 206 Pb/ 204 Pb isotope composition of the Florida Current became increasingly more radiogenic in the course of the Pleistocene. This feature, in context with the short-term Pb isotopic changes, suggests that more rock substrate is crushed during glacial erosion throughout glacial cycles than can be removed during intervening relatively short interglacial chemical weathering. dissolved Pb to the three core sites along the Blake Ridge (Fig. 8) . The age obtained from all three cores (1.48 ± 0.26 Ga) for the continental source area is identical within error to the ages obtained by van de Flierdt et al. (2002) for Pb isotope data on crusts ALV539 (1.68 +0.17 −0.20 Ga) and BM1969.05 to the North of the Blake Ridge (1.30 +0.31 −0.39 Ga). The age estimates given by Foster and Vance (2006) for these two crusts based on their laser ablation Pb isotope records of the past 500 kyr are significantly older (2.0 to 2.5 Gyr) and may indicate weathering contributions from older source rocks for this period. The average bulk source age obtained from the Fe-Mn oxyhydroxides presented here suggest that a significant portion of the Pb supplied to the Blake Ridge were derived from the Proterozoic cratonic areas in the interior of northern North America and/or areas bordering the Labrador Sea.
Conclusions
The seawater Pb isotope evolution recorded by sediment cores in intermediate and deep waters along the Blake Ridge in the North Atlantic underwent substantial variations during termination 1. The general pattern seen in all water depths is a shift from unradiogenic Pb isotope compositions during the last glacial to very radiogenic compositions throughout and after the Younger Dryas, followed by a continuous decline towards somewhat less radiogenic Pb isotope compositions today. The spatial and temporal Pb isotope trends in the western North Atlantic were governed by provenance, changes in deep ocean circulation, and by climatically induced changes in weathering regime.
Our data suggest that fresh rock substrate, physically eroded during the last glacial cycle, incongruently released large quantities of radiogenic Pb during incipient and continued chemical weathering following the retreat of the Laurentide ice sheet and accompanying proglacial lake formation on the North American continent. North Atlantic Deep Water that ventilated the Lower Blake Ridge after the Younger Dryas supplied a continent-derived highly radiogenic Pb signal throughout the Holocene. This signal has been a direct function of elevated chemical weathering rates in recently deglaciated terranes in North America.
Our records indicate that the continental Pb input into the North Atlantic was significantly reduced during the Last Glacial Maximum, and that long-term Pb isotope trends towards more radiogenic compositions recorded in ferromanganese crusts are likely dominated by short-lived interglacial and interstadial Pb isotope signals during otherwise prevailing ice-house conditions, implying that the majority of continental radiogenic Pb was supplied to the North Atlantic during interglacials. In the vicinity of the Blake Ridge Glacial North Atlantic Intermediate Water likely did not carry a distinctly radiogenic Pb isotope signal over most of the deglaciation until the mid-Bølling-Allerød.
